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ABSTRACT 

The ATM P o i n t i n g  C o n t r o l  Subsystem c u r r e n t l y  u s e s  a 
r edundan t  a n a l o g  computer and a non-redundant d i g i t a l  computer .  
T h i s  memorandum e x p l o r e s  t h e  need  f o r  making t h e  d i g i t a l  
computer  r edundan t  a l s o  by d e s c r i b i n g  i t s  f u n c t i o n s  and i t s  
backup c a p a b i l i t y .  

A l l  t h e  f u n c t i o n s  have  a crew manual backup e x c e p t  
for R o t a t i o n  and D i s t r i b u t i o n  Law implemen ta t ion ,  Experiment  
C a l i b r a t i o n ,  Offse t  P o i n t i n g  Record ing ,  and R o l l  Re fe rence  
C a l c u l a t i o n .  The D i s t r i b u t i o n  and R o t a t i o n  Laws are  n o t  e s s e n t i a l  
t o  t h e  m i s s i o n  and t h e  o t h e r  t h r e e  would have a backup i f  t h e  
F i n e  S e n s o r  o f f s e t  a n g l e s  and t h e  r o l l  p o s i t i o n  mechanism a n g l e  
were made independen t  o f  t h e  d i g i t a l  computer .  

However, t h e  m i s s i o n  g o a l s  may be  compromised by 
t h e  numerous crew tasks  r e q u i r e d  f o r  manual backup.  A s i n g l e  
crew member t ask  s i m u l a t i o n  s h o u l d  be  h e l d  t o  p r o v i d e  a basis 
f o r  a d e c i s i o n  on a redundant  d i g i t a l  computer .  
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I N T R O D U C T I O N  

FROM: W .  Levidow 

The ATM P o i n t i n g  C o n t r o l  Subsystem c u r r e n t l y  r e q - u i r e s  
t h e  u s e  of  a r edundan t  ana log  c o n t r o l  computer (ATMCC)  and a 
non-redundant  d i g i t a l  computer ( A T M D C ) .  The ATMCC pe r fo rms  
f u n c t i o n s  which are c o n s i d e r e d  v i t a l  f o r  m i s s i o n  s u c c e s s ,  such  

manual c o n t r o l  c a p a b i l i t y .  The ATMDC per forms f u n c t i o n s  which 
are c o n s i d e r e d  l e s s  v i t a l  o r  f o r  which backup i s  a v a i l a b l e .  

as implementing t h e  a t t i t u d e  c o n t r o l  1 2 K S  ar?d ppQvldb-!g a 

However, concern  w i t h  t h e  e f f e c t  o f  ATMDC f a i l u r e  on 
t h e  a t t a i n m e n t  of t h e  m i s s i o n  g o a l s  has g i v e n  r i s e  t o  t h e  
s u g g e s t i o n  t h a t  t h e  ATMDC a l s o  b e  made r e d u n d a n t .  Or f u r t h e r ,  
t ha t  t h e  ATMCC be e n t i r e l y  e l i m i n a t e d ,  i t s  f u n c t i o n s  b e i n g  
h a n d l e d  b y  t h e  r edundan t  ATMDC. As an a i d  t o  u n d e r s t a n d i n g  t h e  
problem,  t h i s  memorandum d e s c r i b e s  t h e  m i s s i o n  f u n c t i o n s  which 
c u r r e n t l y  i n v o l v e  t h e  ATMDC, and d e f i n e s  t h e  backup c a p a b i l i t y .  

The f u n c t i o n s  w i l l  b e  c o n s i d e r e d  i n  t h e  o r d e r  t h a t  
t h e y  might  b e  e n c o u n t e r e d  i n  o r b i t ,  s t a r t i n g  a t  a t i m e  cor respond-  
i n g  t o  o r b i t a l  morning.  The t e l e s c o p e  a x i s  p o i n t s  t o  t h e  s u n  
and t h e  c l u s t e r  x a x i s  l i e s  a p p r o x i m a t e l y  i n  t h e  o r b i t a l  p l a n e  
as shown i n  F i g u r e  1. F i g u r e  2 d e p i c t s  t h e  sequence  o f  f u n c t i o n s  
i n  a t y p i c a l  o r b i t .  A l l  t h e  f u n c t i o n s  are e x e c u t e d  a u t o m a t i c a l l y  
by  t h e  ATMDC, e x c e p t  for t h e  f i r s t  f o u r  which r e q u i r e  crew 
pa r t  i c i p  a t  i on.  

F i g u r e  3 d e p i c t s  t h e  crew backup a c t i o n  r e q u i r e d  i n  
t h e  e v e n t  of ATMDC f a i l u r e .  

Many of t h e  f u n c t i o n s  i n v o l v e  da ta  which are d i s p l a y e d  
t o  t h e  crew and t e l e m e t e r e d  t o  ground.  T a b l e  1 below i n d i c a t e s  
which o f  t h e  r e l e v a n t  d a t a  are  and are n o t  dependent  on t h e  ATMDC 
f o r  d i s p l a y  and t e l eme t ry .  T h i s  i s  p e r t i n e n t  t o  t h e  d i s c u s s i o n  
of t h e  backup c a p a b i l i t y .  

Table  2 p r e s e n t s  a summary of t h e  ATMDC f u n c t i o n s  and 
t h e  backup now p l a n n e d .  These w i l l  b e  d i s c u s s e d  as t h e y  o c c u r  
i n  a t y p i c a l  o r b i t .  
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Tab le  1 

C r e w  Di sp lay  and Te leme t ry  

A .  ATMDC Dependent 

F i n e  Sun S e n s o r  O f f s e t  Angles 
R o l l  P o s i t i o n  Mechanism Angle 
R o l l  Re fe rence  Angle 
CMG R e s u l t a n t  Momentum HT 

B.  - Not ATMDC Dependent 

S t a r  T r a c k e r  G i m b a l  Angles 
CMG Gimbal  Angles 
CMG Momentum Components HX, H y ,  HZ 

Tab le  2 

ATMDC F u n c t i o n s  
Offset  P o i n t i n g  & Recording  
Exper iment  C a l i b r a t i o n  
R o l l  Re fe rence  C a l c u l a t i o n  and RPM Dr ive  
S t a r  T r a c k e r  C l u s t e r  O c c u l t a t i o n  
S t a r  T r a c k e r  E a r t h  O c c u l t a t i o n  
D i s t r i b u t i o n  and R o t a t i o n  Laws 
Sys tem Timing 
Day/Night Mode S w i t c h i n g  
Dump Maneuvers 
Minimum Momentum A t t i t u d e  

Backup C ap ab i lit y 
No Record ing  
No 
No C a l c u l a t i o n  

Yes 
Yes 

Yes 
Yes 
Yes 
Yes 

No 
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OFFSET P O I N T I N G  AND RECORDING 

The exper iment  t e l e s c o p e s  can b e  p o i n t e d  o f f  t h e  
s o l a r  c e n t e r  t o  any p o i n t  on t h e  s o l a r  d i s k  or t o  t h e  o u t e r  
l i m b .  T h i s  o f f s e t  p o i n t i n g  i s  accompl ished  by r e f r a c t i n g  t h e  
s u n l i g h t  by means of  o p t i c a l  wedges i n s e r t e d  i n  t h e  F i n e  Sun 
S e n s o r  (FSS) o p t i c a l  sys t em.  The wedges can b e  r o t a t e d  ( o f f s e t ) ,  
p r o d u c i n g  FSS o u t p u t  x, y e r r o r  v o l t a g e s  t h a t  cause  t h e  t r i m  
g imba l  s e r v o  t o  r o t a t e  t h e  exper iment  package u n t i l  t h e  e r r o r  
i s  n u l l e d .  A s  a r e s u l t ,  t he  t e l e s c o p e  s i g h t  moves t h r o u g h  an  
x, y o f f s e t  a n g l e  f rom t h e  solar c e n t e r  as shown i n  F i g u r e  4 .  

The p o i n t s  o f  i n t e r e s t  on t h e  s o l a r  d i s k  may b e  
de t e rmined  b y  crew o b s e r v a t i o n  of s o l a r  phenomena a s  s e e n  on 
t h e  TV s c r e e n  or by a s e t  o f  c o o r d i n a t e s  s e n t  from ground.  The 
o f f s e t  p o i n t i n g  r a t e  i s  manual ly  commanded by the  crew w h l l e  
obsservlng t h e  x ar?d 57  .!edge n f f s e t  a n g l e  r e a d o u t  on t h e  PCS 
c o n t r o l  a n d  d i s p l a y  p a n e l .  The ATMDC i s  used  for p r o c e s s i n g  
t h e  FSS o f f s e t  a n g l e  s i g n a l  t o  a f o r m  suitable f o r  t h e  crew 
d i s p l a y ,  f o r  t e l e m e t r y ,  and for r e c o r d i n g  on t h e  p h o t o g r a p h i c  
f i l m .  

Backun 

I n  t h e  e v e n t  o f  an ATMDC f a i l u r e ,  t h e  crew can 
s t i l l  o f f s e t  p o i n t  t o  a r e a s  o f  i n t e r e s t  a s  s e e n  on t h e  TV 
s c r e e n .  However, s i n c e  t he  d i s p l a y ,  r e c o r d i n g ,  and t e l e m e t r y  
of t h e  o f f s e t  a n g l e s  depend upon t h e  ATMDC, t h e  o f f s e t  a n g l e s  
are unknown i f  t h e  computer f a i l s .  There  i s  p r e s e n t l y  no backup 
f o r  r e c o r d i n g  t h e  o f f s e t  p o i n t i n g  a n g l e s .  

If t h e  crew d i s p l a y  o r  t e l e m e t r y  of  t h e  o f f s e t  a n g l e s  
were made independen t  of  t h e  ATMDC, t h e  a n g l e s  cou ld  b e  manual ly  
r e c o r d e d  and r e f e r e n c e d  t o  t h e  c o r r e s p o n d i n g  p i c t u r e  frame. I t  
would a l s o  e n a b l e  t h e  crew t o  reaim t h e  t e l e s c o p e  t o  a p r e v i o u s  
s i g h t .  T h i s  manual r e c o r d i n g  c a p a b i l i t y  s h o u l d  b e  e x p l o r e d .  
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To a c h i e v e  t h e  p o i n t i n g  accu racy*  r e q u i r e d  of  t h e  
NRL/B,  t h e  H C O / A ,  and t h e  H a  #1 expe r imen t s  i t  w i l l  b e  n e c e s s a r y  
t o  p e r f o r m  i n  f l i g h t  c a l i b r a t i o n s .  T h i s  c o r r e c t s  f o r  FSS o f f s e t  
a n g l e  r e a d o u t  e r r o r s  due t o  misa l ignment  of t h e  FSS and t h e  l i n e  
of  s i g h t  of  each  of t h e  e x p e r i m e n t s .  A s  shown i n  F i g u r e  5 ,  t h i s  
misa l ignment  c a u s e s  t h e  s i g h t  t o  b e  d i s p l a c e d  from t h e  s o l a r  
c e n t e r  by  b ias  a n g l e s  XB and YB when t h e  o f f s e t  a n g l e s  read z e r o .  

t h e  crew t o  p i t c h  t h e  s p a r  u s i n g  t h e  manual o f f s e t  p o i n t i n g  
c o n t r o l l e r ,  u n t i l  t h e  exper iment  s i g h t  c o i n c i d e s  w i t h  t h e  s o l a r  
l i m b  a t  p o i n t s  X1 and X 2 . * *  A t  t he se  D o s i t i o n s ,  t h e  crew commands 
a d i g i t a l  computer r e a d o u t  o f  t h e  co r re spond ing  FSS o f f s e t  a n g l e s .  
S i m i l a r l y ,  yawing the  spar. p14ovides t h e  d i g i t a l  c c m p ~ t ~ r  with 
l i m b  a n g l e s  Y and Y2. 

T h e  c a l i b r a t i o n  p r o c e d u r e  for each  expe r imen t  r e q u i r e s  

1 
The ATMDC c a l c u l a t e s  t h e  X and Y b i a s  b y :  

- x1 x2 
2 'B - 

- y1 + y2 
2 'E - 

These b i a s  v a l u e s  are t h e n  used by t h e  ATMDC t o  p r o v i d e  c o r r e c t e d  
v a l u e s  f o r  r e c o r d i n g ,  crew d i s p l a y ,  and t e l e m e t r y .  

* The p r i n c i p a l  i n v e s t i g a t o r s  r e q u i r e  t h a t  t h e  FSS o f f s e t  
a n g l e  r e a d o u t  i n d i c a t e  t h e  exper iment  s i g h t  o f f s e t  a n g l e  t o  t h e  
f o l l o w i n g  a c c u r a c i e s  : 

NRL/E - t 2 . 5  a r c s e c .  
H C O / A  - t 1 0 . 0  a r c s e c .  
Ha #1 - + 5 . 0  a r c s e c .  

**The d e t a i l s  of how t h i s  c o i n c i d e n c e  i s  de te rmined  f o r  
e a c h  expe r imen t  i s  g i v e n  i n  " P r e l i m i n a r y  Apol lo  T e l e s c o p e  
Mount D i g i t  a1  Computer F u n c t i o n a l  Requirements  Document" 
( R e v i s i o n  C ) ,  a v a i l a b l e  from t h e  a u t h o r .  
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Backup 

of  t h e  o f f s e t  a n g l e s ,  a c a l i b r a t i o n  backup i s  n o t  r e q u i r e d .  
S i n c e  t h e  ATMDC i s  p r e s e n t l y  r e q u i r e d  f o r  knowledge 

However, i f  t h e  c r e w  d i s p l a y  of o f f s e t  a n g l e s  were 
made independen t  o f  t h e  ATMDC, t h e  crew could  p r o v i d e  t h e  back- 
up f u n c t i o n  b y  manual ly  r e c o r d i n g  t h e  l i m b  o f f s e t  a n g l e s  X1, X2, 
Y1, Y2 and p e r f o r m i n g  t h e  s i m p l e  b ias  c a l c u l a t i o n  and c o r r e c t i o n .  
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FIGURE 4 - OFFSET POINTING AND RECORDING 
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FIGURE 5 - EXPERIMENT CALIBRATION 
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ROLL REFERENCE CALCULATION AND RPM D R I V E  

The NRL/B expe r imen t  r e q u i r e s  t h e  s p a r  Y a x i s  t o  b e  
r o t a t e d  abou t  t h e  s u n  l i n e  t o  v a r i o u s  a n g l e s  (roll r e f e r e n c e  
a n g l e )  r e l a t i v e  t o  s o l a r  n o r t h .  T h i s  a l l o w s  t h e  s p e c t r o g r a p h  
s l i t  to b e  r o t a t e d  t o  d e s i r e d  o r i e n t a t i o n s  f o r  v i ewing  s o l a r  
phenomena as shown i n  F i g u r e  6 .  The s p a r  Y a x i s  i s  r o t a t e d  by 
crew i n i t i a t e d  r a t e  commands t o  t h e  roll p o s i t i o n  mechanism 
( R P M ) ,  which r o t a t e s  t h e  s p a r  abou t  i t s  Z a x i s  r e l a t i v e  t o  t h e  
r a c k .  

The ATMDC c a l c u l a t e s  t h e  roll r e f e r e n c e  a n g l e  from 
knowledge of  t h e  s t a r  t r a c k e r  g imba l  a n g l e s ,  which p r o v i d e s  t h e  
i n e r t i a l .  o r i e n t a t i o n  o f  t h e  r a c k  Y a x i s ,  and from t h e  RPM a n g l e ,  
which p r o v i d e s  t h e  a n g l e  between the  r a c k  and t h e  s p a r  Y a x e s .  
The roll r e f e r e n c e  a n g l e  i s  d i s p l a y e d  t o  t h e  crew, teiernetered 
t o  ground,  and r e c o r d e d  on t h e  f i l m .  

The ATMDC a l s o  p r o c e s s e s  t h e  a n a l o g  RPM a n g l e  f o r  
crew d i s p l a y  and t e l e m e t r y ,  

Backup 

I n  t h e  e v e n t  of ATMDC f a i l u r e ,  t h e  crew can s t i l l  
roll t h e  s p a r  Y ax i s  t o  o r i e n t  t h e  s l i t  on f e a t u r e s  o f  i n t e r e s t  
as s e e n  on t h e  TV s c r e e n .  However, t h e  roll r e f e r e n c e  a n g l e  
w i l l  n o t  b e  c a l c u l a t e d ,  r e s u l t i n g  i n  no knowledge of t h e  
o r i e n t a t i o n  of  t h e  slit. There i s  p r e s e n t l y  no  backup f o r  
c a l c u l a t i n g  t h e  roll r e f e r e n c e  a n g l e .  

I f  t h e  crew d i s p l a y  and t e l e m e t r y  o f  t h e  RPM a n g l e  
were made independen t  of t h e  ATMDC, t h i s  a n g l e  as w e l l  as t h e  
s t a r  t r a c k e r  gimbal  a n g l e s  c o u l d  b e  r e c o r d e d  by crew o r  ground.  
By r e f e r e n c i n g  t h e s e  a n g l e s  t o  t h e  c o r r e s p o n d i n g  p i c t u r e  frame, 
t h e  roll r e f e r e n c e  a n g l e  could  b e  c a l c u l a t e d  a t  a l a t e r  t ime.  
Knowledge of t h e  RPM a n g l e  would a l s o  a l l o w  t h e  crew to o r i e n t  
t h e  s l i t  t o  a p r e v i o u s l y  de t e rmined  s e t t i n g .  T h i s  manual 
r e c o r d i n g  c a p a b i l i t y  should  be e x p l o r e d .  
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FIGURE 6 - ROLL REFERENCE CALCULATION AND RPM DRIVE 
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STAR TRACKER CLUSTER O C C U L T A T I O N  COMPUTATION 

Due t o  t h e  l o c a t i o n  of t h e  s t a r  t r a c k e r  on t h e  ATM 
v e h i c l e ,  i t  i s  p o s s i b l e  f o r  p a r t s  o f  t h e  v e h i c l e  t o  o c c a s i o n a l l y  
o b s t r u c t  t h e  s t a r  l i n e  of s i g h t .  The p r imary  r e f e r e n c e  s t a r ,  
Canopus, w i l l  b e  o c c u l t e d  d u r i n g  f i v e  separate  p e r i o d s  of  t h e  
y e a r  r a n g i n g  from s i x  t o  t h i r t y - f o u r  days ,  depending upon l aunch  
da t e .  R o l l  r e f e r e n c e  d e t e r m i n a t i o n s  t o  t h e  r e q u i r e d  a c c u r a c y  
(+lo a r c m i n . )  canno t  be  a t t a i n e d  w i t h o u t  a s t e l l a r  r e f e r e n c e .  
Hence, i t  w i l l  b e  n e c e s s a r y  t o  o c c a s i o n a l l y  s w i t c h  t h e  t r a c k e r  
t o  an a l t e r n a t e  s t a r .  The f u n c t i o n  of t h e  ATMDC i s  t o  p r e d i c t  
and s i g n a l  t h e  crew t h a t  o c c u l t a t i o n  o f  Canopus by t h e  c l u s t e r  
i s  imminent .  

P r e d i c t i o n  of  an  o c c u l t a t i o n  b y  t h e  ATMDC i s  b a s e d  on 
t h e  c u r r e n t  s t a r  t r a c k e r  i n n e r  and o u t e r  g imba l  a n g l e s  and know- 
l e d g e  of  t h e  combina t ion  o f  gimbal  a n g l e s  which causes  t h e  c l u s t e r  
s t r u c t u r e  t o  o b s t r u c t  t h e  t r a c k e r  l i n e  o f  s i g h t .  A s i g n a l  i s  
s e n t  t o  t h e  D i s p l a y  and Con t ro l  P a n e l  which a l e r t s  t h e  crew t o  
manual ly  o r i e n t  t h e  t r a c k e r  t o  t h e  a l t e r n a t e  s t a r , A c h e r n a r .  The 
r e q u i r e d  g imba l  a n g l e s  f o r  t h i s  s t a r  are o b t a i n e d  from g round .  

By m a n i p u l a t i n g  t h e  manual p o i n t i n g  c o n t r o l l e r  and 
s i m u l t a n e o u s l y  o b s e r v i n g  t h e  g imbal  a n g l e s  on t h e  d i s p l a y ,  t h e  
crew r e o r i e n t s  t h e  s t a r  t r a c k e r .  When t h e  p r o p e r  a n g l e s  a r e  
a t t a i n e d ,  t h e  crew commands an a u t o m a t i c  s e a r c h .  If t h e  s t a r  
i s  w i t h i n  t h e  s e a r c h  f i e l d  of v iew,  t h e  t r a c k e r  a u t o m a t i c a l l y  
a c q u i r e s  and t r a c k s  t h e  new s t a r .  

BackuD 

S i n c e  t h e  ATMDC on ly  p r e d i c t s  and s i g n a l s  an  impending 
o c c u l t a t i o n ,  t hese  f u n c t i o n s  can  be per formed by ground o p e r a t i o n s  
from t h e  te lemetered s t a r  t r a c k e r  g imbal  a n g l e s .  
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STAR TRACKER EARTH OCCULTATION COMPUTATION 

I n  g e n e r a l ,  t h e  s t a r  t r a c k e r  l i n e  o f  s i g h t  t o  t h e  
p r i m a r y  r e f e r e n c e  s t a r  Canopus w i l l  be o c c u l t e d  once  p e r  o r b i t  
by t h e  e a r t h .  The t i m e  o f  o c c u l t a t i o n  w i l l  v a r y  w i t h  e a c h  
o r b i t  due t o  o r b i t a l  r e g r e s s i o n  and t h e  e a r t h ' s  r o t a t i o n  a b o u t  
t h e  s u n .  The f u n c t i o n  o f  t h e  ATMDC i s  t o  p r e d i c t  t h e  t i m e  o f  
o c c u r r e n c e  of t h e  o c c u l t a t i o n  and i s s u e  a d i s c r e t e  which a u t o -  
m a t i c a l l y  l o c k s  t h e  s t a r  t r a c k e r  g i m b a l s  and c l o s e s  i t s  s h u t t e r .  
A t  t h e  end of t h e  o c c u l t a t i o n  p e r i o d ,  a second  d i s c r e t e  f rom t h e  
ATMDC a u t o m a t i c a l l y  commands r e a c q u i s i t i o n  of t h e  s t a r .  

Backup 

From knowledge o f  o r b i t a l  p a r a m e t e r s ,  ground c a n  
,-re?Tict t h e  t . i m P  o f  o c c u l t a t i o n  and a d v i s e  t h e  c rew.  The crew 
c a n  i s s u e  t h e  r e q u i r e d  d i s c r e t e  commands v i a  t h e  A T M C C .  
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DISTRIBUTION A N D  R O T A T I O N  LAWS 

Although t h e  CMG c o n t r o l  law commands t h e  magni tude  
and d i r e c t i o n  o f  t h e  t o t a l  CMG a n g u l a r  momentum v e c t o r ,  t h e  
d i r e c t i o n  o f  t h e  i n d i v i d u a l  CMG g y r o  s p i n  a x e s  a re  n o t  u n i q u e l y  
d e f i n e d .  The f u n c t i o n  o f  t h e  ATMDC i s  t o  implement t h e  Dis t r i -  
b u t i o n  and R o t a t i o n  laws which p r e v e n t  t h e  t h r e e  s p i n  a x e s  f rom 
assuming a n  u n d e s i r a b l e  o r i e n t a t i o n .  Gyro g imba l  r a t e  commands 
g e n e r a t e d  by  t h e  ATMDC a r e  c o n t i n u a l l y  super imposed  on t h e  
normal  g imba l  commands r e q u i r e d  for a t t i t u d e  c o n t r o l .  

The D i s t r i b u t i o n  L a w  i s  d e s i g n e d  t o  o r i e n t  t h e  t h r e e  
s p i n  a x e s ,  w i t h o u t  a f f e c t i n g  t h e  r e s u l t a n t  momentum, such  t h a t  
t h e y  a re  a r r a n g e d  s y m m e t r i c a l l y  a b o u t  t h e  r e s u l t a n t .  That  i s ,  
t h e y  make e q u a l  a n g l e s  w i t h  t h e  r e s u l t a n t  and e q u a l  a n g l e s  w i t h  
ac,,-h - Y - - -  c t h ~ y .  

The R o t a t i o n  Law i s  d e s i g n e d  t o  r o t a t e  t h e  t h r e e  
g y r o  s p i n  a x e s  abou t  t h e  r e s u l t a n t  such  as t o  minimize  t h e  g y r o  
i n n e r  g imba l  a n g l e s .  T h i s  p r e v e n t s  a n  i n n e r  g imba l  f rom h i t t i n g  
i t s  +80° s t o p ,  f o r  if a g y r o  h i t s  b o t h  i t s  i n n e r  and o u t e r  g imba l  
s t o p s ,  i t s  u s e f u l n e s s  may be t e m p o r a r i l y  lost. Although CMG 
c o n t r o l  c a n  be e x e r c i s e d  w i t h  o n l y  two a c t i v e  g y r o s ,  c o n t r o l  i s  
l o s t  i f  two g y r o s  are hung up on  t h e i r  s t o p s .  

Bacltux, 

Al though the re  i s  no backup,  t h e  e x e c u t i o n  o f  these 
laws i s  n o t  v i t a l  t o  t h e  m i s s i o n .  RCS t h r u s t e r  t o r q u e  c a n  b e  
a p p l i e d  t o  d r i v e  t h e  s p i n  axes  o u t  o f  m y  u n d e s i r a b l e  o r i e n t a t i o n .  
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SYSTEM T I M I N G  

The ATMDC f u n c t i o n  of s y s t e m  t i m i n g  i s  t h a t  o f  
k e e p i n g  a n  a c c u r a t e  a c c o u n t  of t i m e  i n t o  t h e  m i s s i o n ,  o f  
d i s p l a y i n g  t o  t h e  crew t h e  r ema in ing  t i m e  i n t e r v a l s  o f  use-  
f u l  day and n i g h t ,  and o f  d e t e r m i n i n g  t h e  p r o p e r  t i m e  t o  
i s s u e  d i s c r e t e s  s u c h  as t h e  n i g h t / d a y  d i s c r e t e s ,  e a r t h  
o c c u l t a t i o n  d i s c r e t e s ,  and dump maneuver commands. T h i s  
r e q u i r e s  t h e  ATMDC t o  k e e p  t r a c k  o f  t h e  v e h i c l e ' s  p o s i t i o n  
i n  o r b i t  by  p e r i o d i c  u p d a t e  from g round .  

BackuD 

I n  t h e  e v e n t  o f  ATMDC f a i l u r e ,  g round c a n  p e r f o r m  
t h e  t i m i n g  c a l c u l a t i o n s  and communicate t h e  r e q u i r e d  i n f o r m a t i o n  
t o  t h e  c rew.  MSFC has proposed  t h a t  t h e  crew be  p r o v i a e d  
w i t h  a P o r t a b l e  O r b i t a l  T i m e r  which would b e  manua l ly  u p d a t e d  
once  p e r  o r b i t  by  i n s t r u c t i o n s  from ground. The c l o c k  h a s  
s l i d i n g  i n d i c a t o r s  which c a n  be  se t  manua l ly  t o  c o r r e s p o n d  t o  
times a t  which crew a c t i o n  i s  r e q u i r e d .  An alarm c a n  be  se t  
t o  i n d i c a t e  a t  these  t imes.  
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D A Y / N I G H T  MODE SWITCHING 

Automatic  s w i t c h i n g  o f  t h e  ATM P o i n t i n g  C o n t r o l  
System from day t o  n i g h t  o p e r a t i o n  and back  a g a i n  t o  day  i s  
i n i t i a t e d  by  t h e  t imekeep ing  d i s c r e t e s  from t h e  ATMDC. T h i s  
mode s w i t c h i n g  must b e  performed w e l l  withi .n  t h e  s u n l i g h t  
p o r t i o n  o f  t h e  o r b i t  t o  p reven t  t h e  d i s t o r t i n g  e f f e c t  o f  t h e  
a tmosphere  on t h e  s u n l i g h t  f r o m  imposing t r a n s i e n t s  on t h e  
c o n t r o l  sys t ems .  

Night  D i s c r e t e  

P r i o r  t o  s u n s e t ,  t h e  ATMEC i s s u e s  d i s c r e t e s  which:  

(1) T r a n s f e r s  CMG v e h i c l e  a t t i t u d e  e r r o r  c o n t r o l  from 
t h e  a c q u i s i t i o n  s u n  s e n s o r s  t o  t h e  i n t e g r a t e d  o u t -  
p u t  o f  t h e  r a c k  mounted r a t e  s e n s o r s .  

and l o c k s  t h e  s p a r  g i m b a l s .  
( 2 )  I n h i b i t s  t h e  Experiment P o i n t i n g  and C o n t r o l  System 

( 3 )  I n h i b i t s  t h e  s t a r  t r a c k e r  ( l o c k s  i t s  g imba l s  and 
c l o s e s  i t s  s h u t t e r )  i n  p r e p a r a t i o n  f o r  dump 
maneuvers .  

Day D i s c r e t e  

Upon e n t e r i n g  d a y l i g h t ,  t h e  ATMDC i s s u e s  d i s c r e t e s  
which:  

(1) T r a n s f e r s  CMG v e h i c l e  a t t i t u d e  e r r o r  c o n t r o l  back t o  

( 2 )  Commands t h e  s t a r  t r a c k e r  t o  s e a r c h  f o r  t h e  r e f e r e n c e  

t h e  a c q u i s i t i o n  sun s e n s o r .  

s t a r .  

The crew must manual ly  s w i t c h  t o  t h e  Experiment  
P o i n t i n g  Mode t o  r e a c t i v a t e  t h e  Experiment  P o i n t i n g  and C o n t r o l  
Sys tem.  

Backup 

The n i g h t  and day d i s c r e t e s  can  be i s s u e d  manual ly  
by t h e  crew from ground i n s t r u c t i o n s .  
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DUMP MANEUVERS 

During normal  o p e r a t i o n ,  w i t h  t h e  ATM c l u s t e r  
o r i e n t e d  t o  p o i n t  It t h e  s u n ,  b ias  g r a v i t y - g r a d i e n t  and 
aerodynamic t o r q u e s  a c t  on t h e  c l u s t e r  and c a u s e  CMG momentum 
accumula t ion .  T h i s  momentum i s  dumpec d u r i n g  o r b i t a l  
d a r k n e s s  by  r e o r i e n t i n g  t h e  v e h i c l e  such  t h a t  g r a v i t y -  
g r a d i e n t  t o r q u e s  a c t  t o  c a n c e l  t h e  accumula ted  momentum. 
The f u n c t i o n  o f  t h e  ATMDC i s  t o  d e t e r m i n e  t h e  magni tude  o f  t h e  
momentum to be dumped on each  a x i s ,  t o  c a l c u l a t e  t h e  r e q u i r e d  
dump maneuvers ,  and t o  i s s u e  maneuver commands t o  t h e  v e h i c l e .  

The ATMDC samples  t h e  a b s o l u t e  magni tude  o f  t h e  

CMG a n g u l a r  momentum v e c t o r  EN d u r i n g  t h e  N t h  o r b i t a l  d a y l i g h t  

p e r i o d .  The minimum and maximum v a l u e s  a r e  r e t a i n e d  a n d  t h e  
a v e r a g e  EmN c a l c u l a t e d .  
Nth o r b i t a l  n i g h t  i n t e r v a l  i s  de t e rmined  b y :  

The momenturn t o  be dumped d u r i n g  t h e  

H = H  -D + K1 ( E m N  - FJnN-l) + K2 ( E m N  - -0 H 
N- 1 -D N 

The  f i r s t  term on t h e  r i g h t  i s  t h e  amount dumped 
d u r i n g  t h e  p r e v i o u s  o r b i t a l  n i g h t .  The second term i s  t h e  
inc remen t  t o  b e  dumped due t o  t h e  d i f f e r e n c e  i n  t h e  accumula ted  
momentum between t h e  Nth o r b i t a l  d a y l i g h t  p e r i o d  and t h e  
p r e v i o u s  one .  The t h i r d  term c a u s e s  t h e  a v e r a g e  momentum t o  
conve rge  t o  a p r e s e l e c t e d  v a l u e  H o .  

t h a t  a t  maneuver t i m e  t h e  gyro s p i n  a x e s  a re  a l i g n e d  i n  a 
f a v o r a b l e  d i r e c t i o n  f o r  making t h e  maneuver.  

H can  b e  chosen  such  0 

The dump maneuvers a re  c a l c u l a t e d  b y  o p e r a t i n g  on 
H w i t h  a m a t r i x  r which i s  a f u n c t i o n  of  CMG g imbal  a n g l e s  

and  o r b i t k l  t i m e .  
-DN 
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This results in small dump maneuver angles e 
vehicle Y and Z axes. An X axis maneuver is not made because 
large maneuvers about this axis are required for significant 
dumping action. The currently proposed r matrix results in a 
three-maneuver, two-axis dump procedure, e being held at one 
value prior to midnight and. generally a different value after 
midnight. The ATMDC commands the vehicle to the dumping 
attitudes by signals to the ATMCC. 

arld eZ about the 
Y 

Backup 

command the required dump maneuvers. By monitoring the absolute 
values of momentum along each axis at a fixed point in each 
orbit, the per orbit momentum accumulation can be determined by 
the crew or ground. The major part of the accumulation is due 
to gravity-gradient and lies along the X axis. To minimize 
crew preoccupation with dumping, this X axis momentum can be 
dumped by a single large X axis maneuver after sunset and a 
reverse maneuver before sunrise back to the pointing attitude.* 
The proper maneuver angle and maneuver time can be determined 
by the crew from charts or from instructions from ground. 
When the angle between the earth-sun line and the orbital plane 
is less than 3 0 ° ,  the entire daylight accumulation of momentum 
produced by gravity-gradient torque can be dumped by this 
method during orbital darkness. 
reaction thrust dumping is also required. Occasionally ground 
will advise a Y and 2 axis maneuver to dump the momentum 
accumulated on these axes. 

With ATMDC failure, the crew is obliged to manually 

For angles greater than 3 0 ° ,  

*W. Levidow, ''A single Axis, Two Maneuver Gravity-Gradient 
Dump Procedure for AAP-ATM Missions", Bellcomm Technical 
Memorandum TM-68-1022-4, September 20, 1968. 
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ILATION 

To minimize  t h e  CMG a n g u l a r  momentum b u i l d u p  a l o n g  
t h e  Y and Z a x e s ,  t h e  c l u s t e r  X g e o m e t r i c  a x i s  s h o u l d  i n  
g e n e r a l  b e  o r i e n t e d  a small a n g l e  o u t  of t h e  o r b i t a l  p l a n e .  
There a re  two c o n t r i b u t i n g  f a c t o r s :  

(1) The Y and Z a x e s  b i a s  t o r q u e  due  t o  g r a v i t y -  
g r a d i e n t  i s  z e r o  i f  t h e  X p r i n c i p a l  a x i s  l i e s  
i n  t h e  o r b i t a l  p l a n e .  However, t h e  p r i n c i p a l  
and g e o m e t r i c a l  axes  do n o t  c o i n c i d e .  

( 2 )  Aerodynamic f o r c e  p roduces  a Y and Z b i a s  t o r q u e .  
By r o t a t i n g  t h e  X p r i n c i p a l  a x i s  o u t  o f  t h e  
o r b i t a l  p l a n e  a g r a v i t y - g r a d i e n t  t o r q u e  i s  
deve loped  w h i c h  c o u n t e r a c t s  t h i s  bias t o r q u e .  

Hence t h e r e  i s  a n  o p t i m a l  a n g l e  between the  c l u s t e r  
X g e o m e t r i c  a x i s  and t h e  o r b i t a l  p l a n e  such  t h a t  t h e  Y a n a  Z 
a x e s  momentum a c c u m u l a t i o n  i s  a minimum. 

The f u n c t i o n  o f  t h e  ATMDC i s  t o  c a l c u l a t e  t h i s  
o p t i m a l  a n g l e  on a p e r  o r b i t  ba s i s  and t o  command t h e  d e s i r e d  
v e h i c l e  r o t a t i o n  a b o u t  t h e  e a r t h - s u n  l i n e .  The c a l c u l a t i o n  
i s  based on a momentum sampl ing  method* s imi l a r  t o  t h a t  u s e d  
f o r  c a l c u l a t i n g  dump maneuvers .  

Backup 

c a l c u l a t i o n  c a n  b e  per formed by ground and r e l a y e d  t o  t h e  crew.  
T h i s  c o r r e c t i o n  c a n  be  manual ly  commanded b y  t h e  c rew.  

The momentum sampl ing  and a t t i t u d e  c o r r e c t i o n  

*It may b e  n e c e s s a r y  t o  i n i t i a l l y  a l i g n  t h e  v e h i c l e  X ax is  
w i t h  t h e  o r b i t a l  p l a n e  u s i n g  t h e  CSM a t t i t u d e  r e f e r e n c e  sys t em 
o r  p o s s i b l y  t h e  ATM S t a r  T r a c k e r .  Note t h a t  t h e  p r i m a r y  f u n c t i o n  
o f  t h e  S t a r  T r a c k e r  i s  now t h a t  o f  d e t e r m i n i n g  t h e  R o l l  R e f e r e n c e  
Ang le ,  n o t  t h e  l o c a t i o n  of t h e  o r b i t a l  p l a n e .  
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SUMMARY 

A s  shown i n  T a b l e  2 ,  a l l  f u n c t i o n s  have a manual 
backup,  e x c e p t  o f f s e t  p o i n t i n g  r e c o r d i n g ,  expe r imen t  
c a l i b r a t i o n ,  roll r e f e r e n c e  c a l c u l a t i o n ,  and D i s t r i b u t i o n  
and R o t a t i o n  law implemen ta t ion .  A l l  b u t  t h e  l a s t  o f  t hese  
would have a manual backup c a p a b i l i t y  i f  t h e  crew d i s p l a y  
or t e l e m e t r y  o f  t h e  o f f s e t  a n g l e s  and t h e  roll p o s i t i o n  
mechanism a n g l e  were made independent  of  t h e  A T M D C .  T h i s  
c a p a b i l i t y  s h o u l d  b e  e x p l o r e d .  

However, even w i t h  t h i s  added backup c a p a b i l i t y ,  
F i g u r e  2 i n d i c a t e s  t h a t  t h e  m i s s i o n  g o a l s  may be compromised 
by t h e  numerous crew t a sks  r e s u l t i n g  from ATMDC f a l l u r e .  A 
p r e l i m i n a r y  s i m u l a t i o n  a t  MSFC i n d i c a t e s  t h a t  t h e s e  t a sks  can  
be hand led  by  two crew members. But w i t h  t h e  p o s s i b i l i t y  of  
f a i l u r e s  i i i  o t h e r  s y s t e m s  a s  w e l l ,  t h e  und iv ided  a t t e n t i o n  t o  
t h e  P o i n t i n g  C o n t r o l  S y s t e m  o f  two crew members may n o t  be  
a v a i l a b l e .  A s i n g l e  crew member s i m u l a t i o n  of  t hese  tasks 
s h o u l d  b e  h e l d  i n  t h e  f u t u r e .  The r e s u l t s  o f  t h i s  s i m u l a t i o n  
w i l l  h e l p  p r o v i d e  a bas i s  f o r  a d e c i s i o n  on a r edundan t  ATMDC. 

1022-WL-mef W .  Levidow 


